INTRODUCTION
The acute respiratory distress syndrome (ARDS) is characterized by non-cardiogenic pulmonary edema, associated with changes in the ventilation-perfusion ratio, intrapulmonary shunt and arterial hypoxemia.
In such circumstances, therapeutic actions are directed towards alveolar recruitment, correction of ventilation-perfusion mismatch and shunt. Physiotherapeutic maneuvers, such as mobilization, secretion drainage and sustained pulmonary insufflation aim at reopening airways in order to facilitate pulmonary ventilation. Together with such procedures, increasing the inhaled oxygen fraction tends to diminish the shunt effect and the hypoxemia. The use of positive end expiratory pressure (PEEP) and reversal of the inspiration/expiration ratio have been associated with alveolar recruitment and arterial oxygenation improvement.
However, it must be taken into account that many of these therapeutic alternatives, along with their potential benefits, entail significant and restricting adverse effects. Utilization of high levels of PEEP may be followed by hyperinsufflation of the normal lung spaces, as a result of the intrathoracic pressure, thus hindering venous return and cardiac output. This latter effect is particularly significant when an inversion of the inspiration/expiration ratio is adopted. Decreasing the time interval intended for exhalation eventually hinders complete expiration and favors dynamic hyperinsufflation. On the other hand, increasing the inhaled oxygen fraction exposes the pulmonary parenchyma to toxic concentrations of this gas.
Since 1976, a number of researchers have proven in experimental [1] [2] [3] [4] [5] and clinical settings that the prone position (PP) produces favorable effects regarding ventilation.
Notwithstanding advances in ARDS physiopathology and clinical investigations of the effects of positioning on pulmonary gas exchanges, there is a lack of clinical experience and information regarding this matter. Such clinical investigations would enable prediction of which patients respond to this maneuver, which ones would obtain longlasting benefits and what the ideal length of time to keep the patient in the ventral recumbent position would be.
The current study had the aim of evaluating the effect of three hours of ventilation in PP, on the arterial oxygenation of patients affected by ARDS, and the safety of this maneuver.
METHODS

All patients admitted to the Intensive Care
Unit with the diagnosis of ARDS during six months, from October 1997 to March 1998, were prospectively screened for the protocol. ARDS was defined as a partial pressure of oxygen (PaO 2 )/fraction of inspired oxygen (FiO 2 ) ratio of less than 200, with the presence of bilateral pulmonary infiltrate seen on x-ray, and in the absence of cardiogenic pulmonary edema. Mechanical ventilation was optimized after adequate sedation and neuromuscular paralysis. PEEP was adjusted in accordance with the best static lung compliance. Patients were included in the protocol if they still needed FiO 2 of more than 0.5 in order to maintain PaO 2 at over 80 mmHg, after the optimization of mechanical ventilation (sedation, adjustment of PEEP according to lung compliance, mobilization and secretion drainage, and manual hyperinsufflation).
Patients with unstable fractures, intracranial hypertension, severe hemodynamic instability, laparostomy or low survival expectancy were excluded.
The protocol was approved by the Research Ethics Committee of the Institution CONTEXT AND OBJECTIVE: Acute respiratory distress syndrome (ARDS) is characterized by arterial hypoxemia, and prone position (PP) is one possible management strategy. The objective here was to evaluate the effects of PP on oxygenation.
DESIGN AND SETTING: Non-randomized, open, prospective, controlled clinical trial, in a surgical intensive care unit at a tertiary university hospital.
METHODS: Forty-one ARDS patients underwent PP for three-hour periods. Arterial partial oxygen pressure (PaO 2) was measured immediately before changing to PP, after 30, 60, 120 and 180 minutes in PP and 60 minutes after returning to dorsal recumbent position (DP). The paired-t and Dunnett tests were used.
RESULTS:
A notable clinical improvement in oxygenation (> 15%) was detected in 78.0% of patients. This persisted for 60 minutes after returning to DP in 56% and lasted for 12 and 48 hours in 53.6% and 46.3%, respectively. Maximum improvement was seen after 30 minutes in 12.5% of responding patients and after 180 minutes in 40.6%. No statistically significant associations between PP response and age, gender, weight, PEEP level, tidal volume, respiratory rate, PaO 2 / FiO 2 or duration of mechanical ventilation were detected. One accidental extubation and four cases of deterioration through oxygenation were detected. The 48-hour mortality rate was 17%.
CONCLUSIONS:
For a significant number of ARDS patients, PP may rapidly enhance arterial oxygenation and its inclusion for management of severe ARDS is justified. However, it is not a cost-free maneuver and caution is needed in deciding on using PP. Patients were placed in PP with the abdomen on the bed and without cushions under the shoulders or hips. Protection for the face and care regarding the catheters, tubes or probes during the maneuver were ensured. At the end of three hours, patients were put back into the supine position (SP). To evaluate the effect of ventilation in PP on oxygenation, the PaO 2 /FiO 2 values were obtained during SP, just prior to the position change, and also after 30, 60, 120 and 180 minutes in PP and 60 minutes after returning to SP. FiO 2 and PEEP levels were constant during the study.
Patients were considered to be responders if there was an improvement in the PaO 2 / FiO 2 ratio greater than 15%. This laboratory parameter alone was used to define clinically important improvement in oxygenation. All (Table 2 ). There was a significant difference between the prior PaO 2 /FiO 2 ratio and PP after 30 min (p < 0.0005), 60 min (p < 0.0005), 120 min (p < 0.0005), 180 min (p < 0.0005) and SP (p = 0.003). These results were confirmed by the multiple comparison test (Figures 1 and 2) .
A clinically important improvement in oxygenation (improvement in PaO 2 /FiO 2 ratio > 15%) was detected in 32 patients (78.0%) ( Table 2 ). In 65.85%, such improvement took place within the first 30 minutes of PP. However, only 12.5% of the responders showed their maximum improvement within these first 30 minutes. For 25.0%, 21.8% and 40,6% of the responders, the maximum improvements were achieved after 60 min, 120 min and 180 min, respectively (Table 2) .
Among the responders, 21 (65.6%) were considered to be continuing responders, since the PaO 2 /FiO 2 ratio remained at least 15% higher than the previous supine levels even after returning to SP (Table 2) . Moreover, 70.0% (14 patients) of these continuing responders maintained at least this level of improvement (15%) for 24 hours and 50.0% (10 patients) for 48 hours after the maneuver. Four of these patients received nitric oxide due to refractory hypoxemia.
Nine patients were considered to be nonresponders. Two patients had no clinically significant alteration in oxygenation after PP. In seven patients (17.07), the oxygenation deteriorated in PP, with a mean decrease in the PaO 2 /FiO 2 ratio of 34.71%, considering the worst value regardless of the length of time in PP. Four of them (9.75%) did not improve again after returning to SP ( Table 2) .
The maneuver was relatively easy to perform, and only one patient had an accidental extubation (2.4%). Another especially noticeable complication was facial edema with no additional morbidity. Eight deaths (19.5%) occurred within the first 48 hours following the study procedure, but were unrelated to the maneuver. These patients had severe ARDS, with a mean PaO 2 /FiO 2 ratio of 66.79 ± 25.23.
The duration of mechanical ventilation, age, weight, baseline PaO 2 /FiO 2 ratio, tidal volume, respiratory rate and level of PEEP prior to changing the position did not seem to influence the response to this maneuver, although there was a trend towards higher weight among the responders: 74.6 ± 14.4 kg and 65.0 ± 8.8 kg, for the responders and non-responders, respectively (p = 0.058; Table 3 ).
DISCUSSION
The treatment of ARDS is based on oxygen therapy and ventilation under positive pressure, with high levels of positive end expiratory pressure. These procedures are restricted by the risks of oxygen toxicity and barotrauma. [31] [32] [33] In this context, the prone position could enable the use of lower fractions of inhaled oxygen and lower airway pressures. Moreover, lung inflation is more homogeneous in PP, contributing towards reduction in the risks of ventilator-induced lung injury.
A series of researchers have detected optimized oxygenation after changing from SP to PP that may be clinically significant and persistent in the majority of such patients. These observations, allied to the simplicity of the procedure and its low incidence of significant adverse effects, have justified the inclusion of PP in the routine treatment for hypoxia associated with ARDS. Since 1998, we have been including the change in recumbent position from supine to prone within the strategy for severe hypoxemia treatment (PaO 2 /FiO 2 < 200 mmHg, with optimized PEEP). Except in certain situations that constrain this maneuver (intracranial hypertension, unstable fractures, peritoneostomy and severe hemodynamic instability), ventilation in PP has been performed frequently. In fact, ventilation in PP does not entail major technical difficulties. Other than the few minutes needed for changing between the types of recumbent position, adoption of the PP procedure does not substantially change the routine of medical or nursing care. Sedation is required, but it is also a requisite for the ventilation of severely hypoxemic patients.
Alternation of the recumbent position requires special attention to the placement of tubes, probes and catheters, the protection of areas at risk of injuries due to compression (eyes and other structures of the face, upper limbs and genitals), the attachment of the monitoring systems and connections of the ventilation circuit. Although these 41 patients were lying down on the bed, some authors have suggested that the abdomen should be kept free from the bed surface, by putting cushions under the shoulders and anterior iliac crests. This would facilitate expansion of the thoracic cage and diaphragm excursions. 3 However, other authors have discarded such an approach, and have simply put their patients lying down on the bed. 4, 6, 12 In our study, patients were considered to be responders if there was an improvement in the PaO 2 /FiO 2 ratio greater than 15%. This was also considered to be a clinically significant improvement. This value was chosen on the basis of the literature, in which other authors have used changes of 10 to 20% in this ratio, or an absolute improvement of 20 mmHg in PaO 2 , to define which patients were responders to PP. 6, 7, 17, 23, 27 Using this figure of 15%, most of our patients (78.0%) did improve their oxygenation in PP as early as 30 minutes after the maneuver (65.85% of all patients). Moreover, 62.5% had a continuing response even after changing back to SP. This has already been shown by other studies. Moreover, this has been demonstrated in different settings, such as pulmonary aspiration, 15 non-ARDS patients, 16 hydrostatic pulmonary edema 17 and both in pulmonary and extra-pulmonary ARDS. 18 Many recent reviews have also pointed out that this maneuver is associated with an improvement in oxygenation. [34] [35] [36] However, one recent multicenter trial, 37 with more than 300 patients randomized to be in PP for 6 hours or to remain in SP, failed to show reduced mortality in the six-hour PP group. Although it has not yet been proven that the prone position has an impact on ARDS survival, this maneuver is clearly associated with an improvement in oxygenation, as prone-positioned patients had a significant improvement in the PaO 2 /FiO 2 ratio and in the tidal volume. It is possible that the disappointing results regarding mortality in that study were due to the short time spent in the prone position. In that paper, there was no information regarding the maximum improvement in the prone position over the course of time. This means that it is unknown how many patients were still improving their oxygenation at the end of the prone period.
In our study, we have shown that, although 65% of the patients did improve within the first 30 minutes in PP, there was a continuous improvement in oxygenation, with the majority of the patients achieving the maximum PaO 2 /FiO 2 ratio in the third hour after prone. This means that they were still improving at the end of the three hours, thus suggesting that a longer period of PP would be needed to achieve the maximum response. This was also suggested by a recent study in which 11 patients put in the prone position for up to 18 hours did show a continuous improvement in oxygenation. 19 Unfortunately, this latter study was not a controlled trial, so it is possible that the patients improved for reasons other than PP. Nonetheless, it is possible that keeping the patients in PP for a longer time would lead to greater benefit in terms of mortality.
Another possible explanation for the absence of impact on survival lies in the fact that it might be difficult to show such an impact since hypoxemia is not a major cause of death among ARDS patients. Most of these patients die from multiple organ dysfunction syndrome and the main benefit of this maneuver is to allow better oxygenation. In another trial, 37 patients were put in the prone position except if the PaO 2 /FiO 2 ratio was greater than 200 with a PEEP level of 5. This meant that, even if less critically ill patients were included, which may have contributed to the absence of any effect on survival, the effect on oxygenation could still be demonstrated. This had already been shown in another study in which patients with acute lung injury (ALI) showed an improvement in oxygenation. 16 If only very critically ill patients had been included in the Gatinonni trial, 37 the results relating to mortality might have been different, since this maneuver undoubtedly increases oxygenation, and this may have been more important among critically hypoxemic patients. This was suggested because, in the subgroup of patients with the lowest PaO 2 /FiO 2 ratio, there was a significant reduction in mortality.
This concept is important, as it is not a cost-free maneuver. Although in the literature the prone position has not been associated with major adverse events, we found a small percentage of patients that had a clinically important and persistent deterioration of saturation. In three instances (cases 9, 18 and 40), returning the patients to the dorsal recumbent position reversed this hazard, thus suggesting that PP was responsible for the deterioration in oxygenation. Worsening of oxygenation after putting the patient into PP is not a frequent finding in the literature. In one study, a patient died soon after being placed in SP because of oxygenation deterioration in PP, and this was considered to be an adverse event related to the maneuver. 16 It is possible that this situation has been underestimated in other trials and therefore its importance is now underscored.
Another concern is the episode of accidental extubation in our sample. This is a troublesome situation, since our intensive care unit (ICU) team is well trained and very used to the maneuver. Even in this setting, accidents may happen and, because of the severity of these patients, extubation might be responsible for an irreversible deterioration. Our patients, although relatively young, were critically ill, as shown by the low PaO 2 /FiO 2 ratio, high PEEP levels and the high acute mortality rate (19% within 48 hours). Since most of them presented hypoxemia or needed high FiO 2 levels, it seemed reasonable to put them in PP, regardless of the potential danger that it could cause. As there is no proven benefit in terms of mortality, patients that are not critically ill should not be routinely put in PP.
Unfortunately, we could not find a recognizable characteristic or marker to determine whether or not a patient would be a responder or, even more importantly, would deteriorate in PP. Until we can identify which patients should be put into the prone position, it is important to promptly recognize this subgroup of nonresponding patients, so that the maneuver can be interrupted immediately. This is reinforced by the fact that this maneuver, at least from the evidence available, has no impact on mortality. The cost-benefit ratio in this subgroup of patients is fairly discouraging.
CONCLUSION
The analysis of the results achieved in this study leads us to conclude that, in a considerable number of patients with ARDS, the change from the SP to the PP is responsible for a sustained improvement in arterial oxygenation. In some patients, however, worsening follows the change in position and so far it has not been possible to identify such patients. Since there is no proven impact on mortality, ventilation in PP is potentially beneficial and deserves to be taken into account for the treatment of severe hypoxemia associated with ARDS. For other cases, it needs to be used with caution.
